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1. Title of the Invention 

A METHOD TO FABRICATE INSULATING, SEMICONDUCTING, AND CONDUCTING THIN FI 
LMS. 

2, Claims 

(1) .A process for depositing thin films, comprising the steps of: 

a. flowing reactant gas(es) along with the noble gas(es); 

b. applying energy to said reactant gas(es) and said noble gas(es) mixt 
ure to create plasma, the plasma components then react to form t 

he desired composition of said film to be deposited; and 

c. depositing said film on a substrate. 

(2) . A process for depositing thin films, comprising the steps of: 

a. flowing the reactant gas(es) along with the noble gas(es) in a chamb 
er such that the total gas pressure is higher than maximum pressure 
that could be used to create plasma in case the said reactant gas(es 
) were flowed without said noble gas(es); 

1^. applying energy to said reactant gas(es) and said noble gas(es) mixt 
ure to create plasma, the plasma components then react to form the d 
esired composition of said film to be deposited; and 

c. depositing the said film on a substrate. 

(3) . The methods of claims 1 and 2 wherein said film is insulating film. 

(4) . The methods of claims 1 and 2 wherein said film is semiconducting fi 
Im. 
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(5) . The methods of claims 1 and 2 wherein said film is conducting film, 

(6) . The methods of claims 1, 2 and 3 wherein said film is silicon dioxid 
e or has a composition close to silicon dioxide. ' 

(7) . The methods of claims 1, 2 and 3 wherein said film is silicon nitrid 
e or has a composition close to silicon nitride. 

(8) .The methods of claims 1, 2, 4 and 5 wherein said film is silicon or 
hydr ogena t ed s i 1 i con . 

(9) . The methods of claims 1, 2, and 5 wherein said film to be deposited 
is a metal film or an alloy film, 

(10) . The methods of claims 1 to 9 wherein said noble gas(es) is either H 
e, Ne, Ar, Kr, Xe or a mixture of two or multiple noble gases. 

(11) . The methods of claims 1 and 10 wherein the process pressure range i 
s 1 mi Hi torr to 1 atmosphere. 

(12) . The methods of claims 1 and 10 wherein desirable pressure range is 
50 torr to 1 atmosphere. 

(13) , The methods of claims 1 and 10 wherein more desirable pressure is c 
lose to 1 atmosphere. 

(14) . The methods of claims 1 and 13 wherein the temperature range of dep 
osition(substrate temperature) is from room temperature to 600 degrees c 
entigrade. 
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(15) . The methods of claims 1 and 13 wherein more desirable temperature r 
ange of deposition (substrate temperature) is from 100 to 430 degrees ce 
ntigrade. 

(16) . The methods of claims 1 and 15 wherein said plasma and said substra 
te are in the same chamber or said plasma is created in one chamber and 
then transferred to another chamber containing said substrate. 

(17) . Methods of claims 1 and 16 wherein said energy to create plasma is 
electric energy, 

(18) . Methods of claims 1 and 16 wherein said energy to create plasma is 
photon (light) energy. 

(19) . Method of claim 17 wherein said electric energy is supplied by alte 
mating current (AC). 

(20) Method of claim 17 wherein said electric energy is supplied by direc 
t current (DC). 

(21) The method of claim 18 wherein said photon energy is supplied by ult 
raviolet light. 

(22) . A semiconductor or a memory device incorporating the said films of 
claims of 1 to 21. 

(23) . Process of claim 22 wherein said device is metal oxide semiconducto 
r (MOS) field effect transistor (FET) device. 
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(24) . Process of claim 22 wherein said device is a Thin Film Transistor ( 
TFT) device. 

(25) .Process of claim 22 wherein said device is a Silicon On Insulator ( 
SOI) device, 

(26) . Process of claim 22 wherein said device is a photovoltaic device. 

(27) . A liquid crystal display (LCD) or an integrated circuit (IC) incorp 
orating said devices of claims 22 to 26. 

3. Detail Description of the Invention 

Prior art 

During semiconductor device fabrication, dielectric layers, such as depo 
sited silicon dioxide and silicon nitride are used as insulation between 

conducting layers, as diffusion and ion implantation masks, as passivat 
ion layers to protect devices from impurities, moisture, scratches etc., 

and as capping layers to prevent dopant loss from doped layers. In thi 
n film transistors, these layers are also used as gate dielectric layers 

A common way to deposit these films is by employing a chemical vapor dep 
osition (CVD) process. Three most commonly used CVD methods are; atmosp 
heric pressure chemical vapor deposition (APCVD) , low pressure chemical 
vapor deposition (LPCVD) , and plasma enhanced chemical vapor deposition 
(PECVD) . 



ttil£#2 001-3024588 



#2000—030754 



During these CVD methods, the reactant gases are introduced in to a reac 
tion chamber where they react at elevated temperature to form silicon di 
oxide or silicon nitride and by-products. During the CVD process, the pa 
rameters, film deposition rate, deposition temperature and pressure are 
inter-related. Thus changing one parameter would affect the other param 
eter. From the manufacturing-cost point of view, it is desired that the 
film should be deposited at low temperatures and as close as possible t 
o the atmospheric pressure to reduce the high cost of vacuum tools. In 
the following, a quick overview is given of the order of temperatures (s 
ubstrate temperature) and pressures used during depositions of silicon d 
ioxide and silicon nitride depositions. 

Silicon dioxide deposition 

Silicon dioxide can be deposited at low temperature (300 to 500 degrees 
centigrade) by reacting si lane, oxygen, and dopants (if needed) in a CVD 
reactor (APCVD) or at reduced pressure in an LPCVD reactor. The deposi 
tion rate decreases and the film properties degrade as the temperature i 
s reduced, thus usually the deposition temperature is 450 degrees centig 
rade(or higher). These films are porous with lower density, lower diele 
ctric strength, and higher etch rate in HF compared with the films produ 
ced using higher temperature process. The step coverage is also nonconf 
ormal , 

The film properties can improved by increasing the deposi tion(substrate) 
temperature. For the deposition temperature range 500 - 800 degrees ce 
ntigrade, silicon dioxide can be formed by decomposing tetraethylorthosi 
licate, Si(OCoHc-). or TEGS, in an LPCVD reactor, with improved film prop 
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erties and conformal step coverage. At even higher temperature (900 deg 
rees centigrade), silicon dioxide can be formed by reacting dichlorosila 
ne, SiClgHgi with nitrous oxide at reduced pressure. 

Thus silicon dioxide films produced at higher deposition temperature hav 
e better properties, but applications can be limited, for example, these 
films can not be deposited over a layer of aluminum. Additionally, for 
TFT applications which use glass substrate, the deposition temperature 
need to be lower than 430 degrees centigrade. 

Alternatively, the films can be deposited by PECVD process below 400 deg 
rees centigrade. However, this process requires the use of expensive va 
cuum tools. 

Silicon Nitride Deposition 

Silicon nitride films can be deposited by an intermediate-temperature (7 
50 degrees centigrade) LPCVD process or a low temperature (300 degrees c 
entigrade) PECVD method. Although the films can be deposited at lower t 
emperature using the PECVD method, the process would require the use of 
expensive vacuum equipment as was mentioned earlier. 

Thus in the case of APCVD or LPCVD depositions of silicon dioxide and si 
licon nitride, the deposition temperature is too high to be useful for c 
ertain applications such as TFTs. Alternatively, the films can be depos 
ited at lower temperatures using the plasma assisted process (PECVD), bu 
t the pressure in plasma assisted process is lower which requires expens 
ive vacuum tools. 
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The Disclosed Process 

Since the plasma assisted processes requires lower temperature for depos 
ition, they have an advantage over the APCVD or LPCVD process, specially 
for the applications where high process temperatures are undesirable. 
However the current PECVD processes require the use of expensive vacuum 
tools. Thus it is desirable to be able to produce plasma of reactant ga 
ses at atmospheric pressure or at a reduced pressure to avoid the high c 
ost of using the vacuum tools and to reduce the equipment footprint. 

Unfortunately, as the pressure is increased, it is difficult to maintain 
plasma above certain pressure. The maximum pressure up to which plasma 
can be maintained depends upon the reactant gas(es) used in the process 

On the other hand, it is possible to produce plasma at pressures as high 
as atmospheric pressure using noble gases. So if we use a mixture of n 
oble gas(es) and the reactant gas(es) , it is possible to produce plasma 
at pressure as high as atmospheric pressure. In this case, first the no 
ble gas plasma is produced upon the application of electric (or other) e 
nergy to the gas mixture. The noble gas radicals and ions subsequently 
collide with the reactant gas molecules to create the reactant gas radic 
als and ions to form plasma. The reactant gas(es) ions and radicals rea 
ct to form the film with desired composition on a substrate. Thus it is 
possible to produce films such as silicon dioxide or silicon nitride at 
pressures as high as atmospheric pressure and at temperatures below 430 
by using this process. We term this processes as atmospheric pressure 
plasma CVD (AP PCVD) or low pressure plasma CVD (LP PCVD) depending upon 
the pressure used during deposition. Of course, the application of the 
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se processes is not limited to deposition of silicon dioxide or silicon 
nitride films , but they can be applied to deposition of any films curre 
ntly deposited by conventional PECVD APCVD or LPCVD processes. For exam 
pie, deposition of amorphous or microcrystall ine silicon films uses the 
conventional PECVD process. By adding the noble gas to the reactant gas 

mixture, we can increase the deposition pressures to as high as atmosph 
eric pressure. In the case of the conventional LPCVD process used for d 
epos it ion of amorphous silicon and polysilicon, the deposition temper atu 
re is usually higher than 500 degrees centigrade to get practical deposi 
tion rates as there is no plasma used during this process. By adding no 
ble gas(es) to the reactant gas(es), it is possible to produce plasma re 
gardless of the pressure used which will give us increased deposition ra 
te even if the deposition temperature is lowered. Additionally, the dis 
closed AP PCVD or LP PCVD processes can also be applied to deposition of 

metal films. 

Even though, it is possible to create plasma at higher pressure by addin 
g the noble gas or a mixture of multiple noble gases to the reactant gas 
es, the method can also be used at lower pressure, where the addition of 
noble gas(es) aids the plasma formation. 

4. Brief Description of Drawings 

Figure la. A schematic of plasma production in a mixture of reactant g 
as(es) and noble gas(es) by application of electric field. 
Figure lb. A schematic of plasma production in a mixture of reactant g 
as(es) and noble gas(es) by using photons. 
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1. Abstract 

In this disclosure, we describe a method to deposit films by using plasm 
a created at atmospheric pressure or at reduced pressure. We were able 
to create the reactant gas plasma at relatively higher pressure than tho 
se routinely used by adding noble gas(es) to reactant gas(es). As the f 
ilms can be deposited at relatively lower temperature and at pressures a 
t high as atmospheric pressure using the disclosed process, overall cost 

of film deposition and equipment can be reduced. Further the equipment 

footprint can be reduced using the disclosed process. 

2. Representative Drawings 
Drawings 1 
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